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Skin lesions from patients with Flegel's disease ha~e 
been reported to be without membrane-coating granules 
(Odland bodies). Biopsies of the hyperkeratinized pap-
ules of Kyrle-Flegel disease were incubated in vitro with 
the intercellular tracer, horseradish peroxidase, and the 
extent of penetration of this substance examined in the 
light and electron microscopes. The peroxidase was pres-
ent throughout the corium and extended through the 
intercellular spaces of the epidermis to a level close to 
the junction of the granular and keratinized layers; it 
did not enter the bulk of the thickened stratum corneum 
of the lesion. illtrastructural examination revealed the 
presence of small vesicles in the granular layer, similar 
in size and shape to membrane-coating granules but 
lacking a lamellate internal structure; these were occa-
sionally seen fusing with the plasma membrane of the 
cells. It is suggested that the intercellular permeability 
barrier to horseradish peroxidase demonstrated in the 
Kyrle-Flegellesion may arise from material contributed 
by these granules to the intercellular space. 
There is considerable evidence that the principle cutaneous 
barrier to the penetration of a variety of materials is situated in 
the stratum corneum [1-3], but little is known about the mode 
of formation, composition and precise location of this epidermal 
permeability barrier. Ultrastructmal studies, especially those 
using water-soluble intercellulru· tracers such as lanthanum or 
horseradish peroxidase, have suggested that an intercellulru· 
barrier to these substances may be formed by extrusion of the 
lamellate contents of the membrane-coating granules (Odland 
bodies) into the intercellulru· comprutment of the superficial 
part of the gmnular layer of the epidermis [ 4-6] and keratinized 
oral epith elium [7,8). 
In a recent ultrastructural study of Flegel's disease [9] it was 
noted that membrane-coating granules were absent from the 
hyperkeratotic papules, whereas numerous granules were pres-
ent in the paralesional epidermis. If membrane-coating granules 
are !nvolved in formation of an intercellulru· bru-rier it might be 
expected that the lesions of Flegel's disease would be permeable 
to intercellular tracers. We have examined epidermal permea-
bility in Kyrle-Flegel * disease using horseradish peroxidase as 
an ultrastructmal tracer. 
MATERIALS AND METHODS 
Four patients with clinically and histologically typical Kyrle-Flegel 
disease• were studied. Three patients were female and 1 was male; the 
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• There is considerable controversy about the existence of Flegel's 
disease as an established entity which can be clearly separated from 
Kyrle's disease (see Rook, Ebling and Wilkinson, Textbook of Derma-
tology, p 1177. Blackwell Scientific Publications, Oxford, 1972) . Patients 
age range was 46 to 75 yT. Skin biopsies were taken with a 3 mm or 4 
mm punch usually after local anesthetic (2% lignocaine with adrenal in) 
had been infiltrated into the skin surrounding the biopsy site. In a few 
instances, a high-speed punch was used without anesthesia. A total of 
9 lesions from the lower legs or arms were excised. In 2 patients 
clinically normal skin was also biopsied, for comparison with the 
lesional tissue. 
The biopsy specimens were divided to provide tissue for permeability 
studies, and for routine light and electron microscopic examination. 
Permeability Studies 
Permeability of both lesional and normal tissues was examined by 
an in vitro technique already described by us [10] as follows: immedi-
ately after removal the tissue was cut into blocks of approximately 1 
mm cube, incubated in a 3% solution of horseradish peroxidase (Sigma 
type VI, Sigma Chemical Company, St. Louis) in saline for 1 lu- at 37°C 
and then fixed in buffered 2% formaldehyde with 2.5% glutaraldehyde 
[11]. After rinsing the tissues, 6 !Lm sections were cut on a cryostat for 
light microscopy and 30 fJ.m slices prepared using a tissue chopper for 
subsequent electron microscopy. All sections were incubated with hy-
drogen peroxide and diaminobenzidine to demonstrate the presence of 
the peroxidase [12]. The cryostat sections of 6 fJ.m thickness were 
mounted immediately in glycerin jelly; those prepared at 30 fJ.m were 
postosmicated and embedded for electron microscopy as described 
below. 
Routine Electron Microscopical Studies 
Specimens were either fixed in 1.3% osmium tetroxide buffered with 
S-collidine (pH 7.35) for 2 hr at 4°C or in 2% formaldehyde with 2.5% 
glutaraldehyde in cacodylate buffer [11] for 45 min at room temperature 
fo llowed by osmication. All specimens were dehydrated in ascending 
concentrations of ethanol, and embedded in epoxy resin. 
Thick (1 fJ.m) sections, stained with methylene blue and basic fuchsin, 
were prepared for light microscopic examination and for orientation of 
the blocks for subsequent electron microscopic sectioning. Ultra-thin 
(silver-gold) sections were cut on a LKB ultramicrotome using diamond 
knives. Some sections of the tissue reacted for peroxidase were left 
unstained; other sections were stained with lead citrate and uranyl 
acetate and examined in either an AEI EM6B or a Siemens Elmiskop 
101 electron microscope. 
RESULTS 
Light Microscopy 
The most noticeable histological featw-e of the lesions was 
the presence of a hyperkeratotic cap overlying a malpighian 
layer which was usually thinner than the sw-rounding epidermis 
(Fig 1). The stratum gmnulosum was diminished or absent. A 
marked perivascular lymphohistiocytic infiltrate was present in 
the superficial dermis. 
In specimens treated with peroxidase (Fig 2) the reaction 
product of the enzyme was visible as a brown coloration present 
throughout the connective tissue and extending into the epi-
dermis between the cells as far as the stratum corneum. Cru·eful 
exrunination of the lesional area showed that the tracer h ad not 
entered the stratum corneum although in a number of sections 
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with KyTle's disease may have small superficial lesions (similar to those 
studied in our patients) as well as the highly characteristic large 
penetrating keratotic plugs. Until this problem in nosology is resolved, 
we prefer to use the term "Kyrle-Flegel disease" rather than "Flegel's 
disease" to describe the condition affecting our patients. 
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FIG 1. Light micrograph of a lesion of a typical Kyrle-Flegel lesion showing the greatly truckened stratum corneum overlying a thinned 
malpighian layer. A marked dermal cellular infiltrate is present. Marker represents 250 flm. (reduced from X 75). FIG 2. Light micrograph through the edge of a lesion that had been treated with the tracer, horseradish peroxidase. Marlier represents 250 flm. 
No counterstain. (reduced from X 75) . 
FIG 3. Light micrograph of the lesional region showing the limit of penetration of the tracer at the junction of the granular and keratinized layers appearing as a continuous dark Line (arrows). Tracer present on the surface of the epidermis does not penetrate the stratum corneum to 
any extent. Marker represents 50 flm. No counterstain. (reduced from X 350). 
FIG 4. Section through paralesional epidermis showing the extent of penetration of the tracer. Marlier represents 50 flm. No counterstain. (reduced from x 350) . 
· 
the limit of penetration was marked by a conspicuous band (Fig 
3) which was not seen in the paralesional (Fig 4) or normal 
t issue. 
Electron Microscopy 
Ultrastructural examination of paralesional tissue showed 
that penetration of peroxidase ceased at the junction of the 
granular layer and stratum corneum (Fig 5). This coincided 
with the presence in the intercellular space of lamellae (Fig 6) 
presumably derived from the numerous membrane-coating 
granules present in the cells of the upper granular layer [6). 
In the lesional area peroxidase had penetrated through the 
inter cellular spaces of the epidermis as in the paralesional 
tissue, but often extended around the deepest cells of the 
stratum corneum (Fig 7). These cells frequently contained 
remnants of cellular organelles, thereby resembling transitional 
cells. 
At higher magnifications vesicular or flocculent material was 
observed in the intercellular spaces close to the limit of pene-
tration of peroxidase (Fig 8) . Small membrane-bounded vesi-
cles, either empty or with amorphous contents, could occasion-
ally be seen apparently fusing with the cell membrane in this 
region (Fig 8, inset). Similar vesicles, approximately 150 nm in 
diameter, were present within the cells of the superficial gran-
ulru· layer in both incubated tissue and that prepared for routine 
electron microscopy. Such vesicles appeared empty or con-
tained amorphous material and, unlike the membrane-coating 
granules in the paralesional tissue, never contained regular 
lamellate structures. Furthermore, these vesicles were much 
less frequent in the lesion than the normal membrane-coating 
granules in the paralesional epidermis or in clinically normal 
skin . 
DISCUSSION 
Although, under conditions ofthe incubations, the top surface 
and the cut edges of the tissue blocks were all exposed to 
horseradish peroxidase, the tracer only penetrated into the 
connective tissue and the malpighian layer of the epidermis. In 
the lesional tissue the limit of penetration of the tracer was 
clearly seen to be just above the junction of the granular layer 
and stratum corneum. Thus, even in the absence of typical 
membrane-coating granules, there is an intercellular barrier to 
horseradish peroxidase which, although commencing at a 
slightly more superficial level, is comparable with that seen in 
paralesional and norinal epidermis [ 4,5). 
The penetration of the tracer as far as the deepest cells of 
the stratum corneum possibly reflects a slight delay in the 
formation of an effective barrier as a consequence of increased 
epidermal proliferation in this lesion. Autoradiographic studies 
using tritiated thymidine in Kyrle-Flegel diseaset have shown 
an increased epidermal labeling index. A similar displacement 
of the intercellular permeability barrier has been observed by 
Hill and Squiert in oral mucosa in organ culture associated 
with an increased rate of epithelial turnover. 
What then is the nature of the intercellular barrier in the 
t Marks, personal communication. 
t Hill and Squier, personal communication. 
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F IG 5. Electron micrograph of paralesional epidermis in which the 
tracer has extended through the intercellular spaces as far as the 
granular-keratin junction ( arrows). No tracer is present between the 
deeper squames of the stratum corneum. SG = stratum granulosum 
and SC = stra tum corneum. M arl1er represents 2 flm (section stained 
w i t h uranyl acetate and lead cit rate). (reduced from x 12,500). 
F IG 6. A port ion of the junction of granular and keratinized cells 
fro m control paralesional epidermis showing numbers of membrane 
coating granules within the cells (meg) and the presence of intercellular 
lamellae (arrows). M arher represents 1 f.tm (section stained with uranyl 
acetate and lead citrate). (reduced from x 25,000). 
FtG 8. Intercellular spaces in the upper granular layer of lesional 
epidermis containing electron dense tracer together with amorphous 
and vesicular material ( arrows). hhg = keratohyalin granule (section 
stained with uranyl acetate and lead citrate ). Marlier represents 0.25 
J-Lm. (reduced from X 90,000) . Inset: Proftle of a granule ( arrow) 
apparently fusing with the plasma membrane in the granular layer of 
l esional epidermis. M ar lzer represents 0.25 flm. (reduced from X 60,000). 
FIG 7. Section of lesional epidermis in which the tracer extends 
around the deepest squames of the stratum corneum (arrows). SG = 
stratum granulosum; SC =stratum corneum. Marker represents 1 flm . 
Section unstained. (reduced from x 15,000). 
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Kyrle-Flegel lesion? The observation of small nonlamellate 
vesicles in the granular layer, their apparent fusion with the 
cell membrane, and the presence of amorphous or vesicular 
material in the intercellular space suggest that such structures 
may be forming an intercellular barrier in this lesion. While it 
is conceivable that these vesicles could represent normal mem-
brane-coating granules whose contents have been leached out 
or destroyed during incubation with horseradish peroxidase this 
is unlikely, for the lamellae of membrane coating granules in 
the normal and paralesional tissue, which was treated identi-
cally, were still evident. On the other hand, these vesicles do 
resemble the membrane-coating granules seen in non-keratin-
ized oral epithelium [13] where a barrier has also been demon-
strated [7,8] but we know of no reports of similar granules 
occurring in normal epidermis. The presence of an intercellular 
barrier to peroxidase in tissue lacking lamellate granules lends 
support to the idea that the permeability barrier of epidermis 
and oral epithelium may not be derived from the phospholipid 
lamellae of the membrane-coating granules as sometimes sug-
gested [5,6] but might consist of a protein-carbohydrate com-
plex [14]. Specific enzyme digestion of th e intercellular barrier 
in keratinized oral epit helium [15] also points to the existence 
of a barrier containing proteoglycans. 
The darkly staining band observed at the limit of penetration 
of the peroxidase into the lesion with the ligh t microscope (Fig 
4) probably represents the presence of tracer in the intercellular 
spaces between the deepest squames. These are narrow and 
may not be individually resolved at the light-microscope level 
so giving the appearance of a dark band. 
Finally, it must be remembered that the demonstration of an 
intercellular barrier to horseradish peroxidase in the stratum 
corneum of Kyrle~Flegellesions does not necessarily mean that 
this tissue is impermeable to all substances; molecules of smaller 
size or with different chemical properties may well be capable 
of traversing the barrier described here. 
We wish to thank Lynn Rooney and Tim Cowen for technical 
assistance. 
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